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ABSTRACT 

The 32.88 hour  p e r i o d  of t h e  nominal MM ' 7 1  Miss ion  B 

o r b i t  ( t h e  s o - c a l l e d  4/3 o r b i t )  p e r m i t s  r e p e a t e d  o v e r f l i g h t s  of 

t h r e e  r e g i o n s  of Mars e v e r y  f o u r  Mars days .  I t  i s  proposed  t h a t  

t h e  p e r i o d  be  changed t o  20.55 h o u r s  such t h a t  s i x  r e g i o n s  would 

be  over f lown e v e r y  f i v e  Mars days - a 5/6 o r b i t .  

advan tage  t h a t  such  a change would p r o v i d e  i s  a 1 0 0 %  i n c r e a s e  

i n  l o n g i t u d i n a l  coverage  and an approximate  50% i n c r e a s e  i n  t h e  

t o t a l  d a t a  r e t u r n e d .  The p r i n c i p a l  d i s a d v a n t a g e  i s  a r e d u c t i o n  

i n  p l ane t - in -v iew t i m e  on each r e v o l u t i o n  e a r l y  i n  t h e  m i s s i o n .  

The p r i n c i p a l  
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I n t r o d u c t i o n  

The nominal  o r b i t a l  c o n f i g u r a t i o n s  f o r  t h e  two Mariner  
Mars ' 7 1  s p a c e c r a f t  are: 

Mission A Mission B 

P e r i o d  ( h o u r s )  11.98 32.88 

I n c l i n a t i o n  ( d e g r e e s )  80 50 

P e r i a p s i s  A l t i t u d e  (km) 1250 850 

I n i t i a l  p e r i a p s i s  
L a t i t u d e  ( d e g r e e s )  

E l l i p s e  O r i e n t a t i o n  
Angle* ( d e g r e e s )  

32s 4s 

130 155 

I n s e r t i o n  Date 11-14-71  1 1 - 2 4 - 7 1  

Mission A i s  p r i m a r i l y  i n t e n d e d  t o  a c q u i r e  e x t e n s i v e  
c m t i g u o u s  mapping coverage of Mars. A swath of mapping photo-  
graphs  w i l l  be o b t a i n e d  on each r e v o l u t i o n  n e a r  t h e  evening  
t e r m i n a t o r  u s i n g  a camera having an 1l0 x 1 4 '  f i e l d  of view. 
The a l t i t u d e  of p e r i a p s i s  i s  t h e  lowes t  c o n s i s t e n t  w i t h  p r o v i d i n g  
c o n t i g u i t y  between s u c c e s s i v e  v e r t i c a l  photographs ( t a k e n  a t  84 
second i n t e r v a l s )  n e a r  p e r i a p s i s .  

Mission B ,  by c o n t r a s t ,  i s  des igned  p r i n c i p a l l y  t o  
i n v e s t i g a t e  t i m e  v a r i a b l e  phenomena on Mars, bo th  s e a s o n a l  and 
d i u r n a l .  To t h i s  end an o r b i t a l  p e r i o d  ' h a r m o n i c a l l y '  synchron ized  
w i t h  t h e  Mars r o t a t i o n  p e r i o d  has  been adopted t o  p e r m i t  r e p e a t e d  

*The e l l i p s e  o r i e n t a t i o n  a n g l e  i s  t h e  a n g l e  between t h e  
approach asymptote and t h e  l i n e  of a p s i d e s .  
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v iewing  of chosen r e g i o n s  on t h e  p l a n e t .  The lower  i n c l i n a t i o n  
of t h e  B m i s s i o n  o r b i t  has  been s e l e c t e d  t o  p e r m i t  improved view- 
i n g  of t e r r a i n  a t  s o u t h e r n  m i d - l a t i t u d e s  where s e a s o n a l  changes 
are expec ted  t o  b e  m o s t  pronounced. The p e r i a p s i s  a l t i t u d e ,  which 
i s  5 0 %  lower t h a n  t h a t  of  mi s s ion  A ,  i s  c o n s t r a i n e d  from b e i n g  
s t i l l  lower by p l a n e t a r y  q u a r a n t i n e  r e q u i r e m e n t s .  

The pu rpose  of t h i s  memorandum i s  t o  d i s c u s s  an  a l t e r -  
n a t i v e  harmonic f o r  t h e  miss ion  B o r b i t a l  p e r i o d :  5/6 (20 .5  h o u r s )  
i n s t e a d  of  t h e  nominal 4 / 3  ( 3 2 . 8  h o u r s )  . Before  coming t o  t h i s  
mat ter  it i s  n e c e s s a r y  t o  review b r i e f l y  t h e  p r i n c i p a l  f e a t u r e s  
of  t h e  nominal mi s s ion  B d e s i g n .  

R e v i e w  of  Miss ion  B O r b i t  C h a r a c t e r i s t i c s  

A g e n e r a l  r e p r e s e n t a t i o n  o f  t h e  geometry o f  t h e  m i s s i o n  
i3 o r b i t  i s  shown i n  f i g u r e  1. The f i g u r e  a l s o  shows when t h e  
center o f  t h e  p l a n e t  can b e  photograFhed from t h e  s p a c e c r a f t .  A 
l i m i t a t i o n  on t h e  f i e l d  of  view arises because  t h e  s p a c e c r a f t  
m a i n t a i n s  a f i x e d  o r i e n t a t i o n  t o  t h e  s u n ,  and t h e  s p a c e c r a f t  hard-  
ware res t r ic ts  t h e  camera view, rough ly  s p e a k i n g ,  t o  a p o r t i o n  of  
t h e  hemisphere away from t h e  sun.  

A n o t a b l e  f e a t u r e  of t h e  m i s s i o n  I3 o r b i t  i s  t h e  h i g h  
a l t i t u d e  a p o a p s i s  of  o v e r  4 0 , 0 0 0  km. I n i t i a l l y  a p o a p s i s  l i e s  n e a r  
t h e  morning t e r m i n a t o r  and, a s  a r e s u l t ,  t h e  i l l u m i n a t e d  morning 
sector of  Mars can b e  observed  by t h e  s p a c e c r a f t  f o r  s e v e r a l  h o u r s  
on e a c h  r e v o l u t i o n  e a r l y  i n  t h e  mis s ion .  The a f t e r n o o n  s e c t o r  i s  
over f lown as t h e  s p a c e c r a f t  approaches p e r i a p s i s  so  t h a t ,  even  a t  
t h e  b e g i n n i n g  o f  t h e  m i s s i o n ,  t h e  t i m e  s p e n t  above t h e  a f t e r n o o n  
side of  l4ars is less t h a n  an  hour .  A s  t h e  m i s s i o n  p r o g r e s s e s ,  Mars' 
h e l i o c e n t r i c  l o n g i t u d e  i n c r e a s e s  a t  a b o u t  0 . 5  d e g r e e  p e r  day and 
a p o a p s i s  moves f u r t h e r  o n t o  t h e  n i g h t  s i d e  so  t h a t  t h e  p l a n e t - i n -  
view p e r i o d  on each  r e v o l u t i o n  i s  s t e a d i l y  reduced  as shown i n  
f i q u r e  2 .  

The nominal 4 / 3  harmonic p e r i o d  allows r e p e a t e d  obse rva -  
t i o n s  of t h r e e  r e g i o n s ,  c e n t e r e d  1 2 0 '  l o n g i t u d e  a p a r t ,  w i t h  r e c u r r e n t  
v i e w s  e v e r y  f o u r  Mars days .  The o b s e r v a t i o n s  a r e  p l anned  t o  i n v e s -  
t i g a t e  t empora l  v a r i a t i o n s  of s u r f a c e  r e f l e c t i v i t y  w i t h  t h e  p a r t i c -  
u l a r  o b j e c t i v e  of s t u d y i n g  t h e  'wave of d a r k e n i n g '  phenomenon. 
Minimal shadowing w i t h i n  t h e  photographs  i s  p r e f e r r e d  and t h e r e f o r e  
t h e  o b s e r v a t i o n s  w i l l  be  made w i t h  h i g h  s o l a r  e l e v a t i o n  a n g l e s .  
"Variable f e a t u r e s "  photography of t h i s  k i n d  w i l l  b e  a c q u i r e d  when 
t h e  s p a c e c r a f t  i s  i n  t h e  r e g i o n  of  t h e  noon m e r i d i a n ,  a t  a l t i t u d e s  
t h a t  v a r y  from abou t  3500 km t o  a b o u t  2 0 0 0  km t h r o u g h o u t  t h e  m i s s i o n  
(nomina l ly  9 0  days i n  l e n g t h ) .  

Because a p p a r e n t  changes i n  s u r f  a c e  r e f l e c t i v i t y  can  
b e  caused  by v a r i a t i o n s  i n  i l l u m i n a t i o n  and v i ewing  geometry an 
e f f o r t  h a s  been made t o  m i n i m i z e  such  changes.  To compensate 
p a r t i a l l y  f o r  i l l u m i n a t i o n  a n g l e  changes caused  by t h e  p l a n e t ' s  
v a r y i n g  h e l i o c e n t r i c  l o n g i t u d e  t h e  o r b i t a l  p e r i o d  i s  i n c r e a s e d  
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s l i g h t l y  above t h e  e x a c t  4/3 harmonic.  T h i s  p e r i o d  i n c r e a s e  h a s  
t h e  e f f e c t  t h a t  t h e  s p a c e c r a f t  c r o s s e s  t h e  l o c a l  noon m e r i d i a n  
a t  e s s e n t i a l l y  t h e  same Wars l o n g i t u d e  on e v e r y  t h i r d  r e v o l u t i o n  
th roughou t  t h e  mis s ion .  The n o r t h e r l y  motion of t h e  s u b - s o l a r  
p o i n t  d u r i n g  t h e  mis s ion  cannot  b e  s i m i l a r l y  a l lowed  f o r .  Because 
of  t h e  i m p r e c i s e  s y n c h r o n i z a t i o n  t h e  s p a c e c r a f t  ground traces do 
n o t  r e p e a t  e x a c t l y  b u t  i n s t e a d  are d i s p l a c e d  westwards by a b o u t  
2 "  l o n g i t u d e  e v e r y  f o u r  Mars days.  

There  are f o u r  p r i n c i p a l  t y p e s  of  photography p lanned  
f o r  m i s s i o n  b and t h e s e  w i l l  be  d e s c r i b e d  b r i e f l y  i n  t h e  o r d e r  
i n  which t h e y  w i l l  o c c u r  on a t y p i c a l  r e v o l u t i o n .  C e r t a i n  
l i m i t a t i o n s  t h a t  are imposed on t h e s e  sequences  by t h e  d e s i g n  
of  t h e  nominal m i s s i o n  B o r b i t  w i l l  a l s o  b e  mentioned.  

1. S y n o p t i c  Meteorology Photography 

During t h e  r e l a t i v e l y  long  p l ane t - in -v iew p e r i o d s  e a r l y  
i n  t h e  mis s ion  t h e  s p a c e c r a f t  w i l l  a c q u i r e  b road  coverage  photo-  
g raphs  o f  t h e  morning s e c t o r  of Mars a t  rough ly  h o u r l y  i n t e r v a l s ,  
b e g i n n i n g  when t h e  p l a n e t  f i r s t  comes i n t o  v i e w  and end ing  a t  about  
2-3 hour s  b e f o r e  p e r i a p s i s  pas sage .  

In t e rmixed  w i t h  t h e  s y n o p t i c  photography w i l l  b e  photo- 
g r a p h s  of r e g i o n s  of  p a r t i c u l a r  i n t e r e s t  t a k e n  w i t h  a second camera 
(1.1" x 1 . 4 "  f i e l d  of view) t h a t  p r o v i d e s  a n  o r d e r  of  magni tude 
improvement i n  ground r e s o l u t i o n .  Such r e g i o n s  i n c l u d e  p a r t i c u l a r l y  
t h e  Nix Olympica, Candor /Thars i s  and P h o e n i c i s  Lacus zones because  
of t h e  remarkable  changes i n  b r i g h t n e s s  t h a t  t h e y  show on a d i u r n a l  
c y c l e .  I t  i s  c o n s i d e r e d  t h a t  such  changes may b e  i n d i c a t i v e  of  

w a t e r  vapor  exchange p r o c e s s e s .  I d e a l l y  h i g h  r e s o l u t i o n  photo-  
graphy of t h e s e  areas s h o u l d  b e  a c q u i r e d  a t  i n t e r v a l s  f o r  s e v e r a l  
h o u r s .  However, as w i l l  be d i s c u s s e d  below,  t h e  l o n g i t u d i n a l  
o r i e n t a t i o n  of t h e  m i s s i o n  B o r b i t  r e l a t i v e  t o  Mars may be un- 
favorable f o r  v i ewing  t h e s e  r e g i o n s  f o r  a l o n g  t i m e  on any r e v o l u t i o n  

2 .  'High Sun'  V a r i a b l e  F e a t u r e s  Photography 

Some a s p e c t s  of t h e  photography r e q u i r e d  f o r  t h e  s t u d y  o f  
s e a s o n a l  s u r f a c e  r e f l e c t i v i t y  have a l r e a d y  been  o u t l i n e d .  On any 
r e v o l u t i o n ,  when t h e  s p a c e c r a f t  i s  n e a r  t h e  l o c a l  noon m e r i d i a n ,  
a mosaic  of a b o u t  a dozen wide a n g l e  f rames  w i l l  b e  a c q u i r e d  t o  
p r o v i d e  coverage  of a r e g i o n  abou t  6 0 "  l o n g i t u d e  wide i n  a l a t i t u d e  
band between abou t  10"s and 55"s .  O n  t h r e e  s u c c e s s i v e  r e v c l u t i o n s  
coverage  i s  t h e r e b y  a c q u i r e d  o v e r  a t o t a l  o f  a b o u t  1 8 0 "  l o n g i t u d e .  
T h i s  coverage  i s  r e p e a t e d  every f o u r  days and an  i n v e s t i g a t i o n  of 
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t h e  remain ing  l o n g i t u d e s  would r e q u i r e  t h a t  t h e  l o n g i t u d i n a l  
o r i e n t a t i o n  of t h e  o r b i t  b e  changed a t  some p o i n t  i n  t h e  m i s s i o n .  
Two p r o p u l s i v e  maneuvers would b e  r e q u i r e d :  t h e  f i r s t  t o  ' u n l o c k '  
and t h e  second t o  r e synchron ize  t h e  p e r i o d  a f t e r  t h e  l o n g i t u d i n a l  
o r i e n t a t i o n  had m i g r a t e d  a p p r o p r i a t e l y .  

Because of  t h e  l i m i t e d  l o n g i t u d i n a l  cove rage  a v a i l a b l e  
t o  t h e  4/3 o r b i t  c o n s i d e r a t i o n  h a s  been g i v e n  t o  b e g i n n i n g  t h e  

m i s s i o n  w i t h  an  e x p l o r a t o r y  p h a s e  ( * )  l a s t i n g  several  r e v o l u t i o n s  
b e f o r e  d e c i d i n g  upon t h e  o r b i t ' s  l o n g i t u d i n a l  o r i e n t a t i o n  r e l a t ive  
t o  P a r s .  Such a p l a n  h a s  been r e j e c t e d  because  i n a d e q u a t e  t i m e  
i s  a v a i l a b l e  t o  de t e rmine  i f  t empora l  changes are t a k i n g  p l a c e .  

P r e s e n t l y  t h e  r e g i o n  c o n s i d e r e d  m o s t  i m p o r t a n t  f o r  
h i g h  sun  o b s e r v a t i o n s  i s  t h a t  c e n t e r e d  a t  a b o u t  50'E which allows 
Sabaeus S i n u s ,  H e l l e s p o n t u s ,  Hel las  and D e u c a l i o n i s  Regio t o  b e  
moni tored .  O r i e n t a t i o n  of t h e  o r b i t  s o  t h a t  i t  can o b s e r v e  t h i s  
s e c t o r  w i t h  t h e  d e s i r e d  i l l u m i n a t i o n  c o n d i t i o n s  w i l l  r e q u i r e  a t  
l e a s t  two t r i m  maneuvers over  a p e r i o d  of several  days  immedia te ly  
f o l l o w i n g  i n s e r t i o n .  
o b s e r v a b l e  t o  ' h i g h  s u n '  photography:  t h o s e  c e n t e r e d  a t  170 'E 
and a t  2 9 0 ' E .  Such a l o n g i t u d i n a l  o r i e n t a t i o n  of t h e  m i s s i o n  B 
o r b i t ,  shown i n  f i g u r e  3,  seems p o o r l y  s u i t e d  f o r  o b s e r v a t i o n s  of  
t h e  i n t e r e s t i n g  r e g i o n s  of d i u r n a l  b r i g h t e n i n g  mentioned above 
o t h e r  t h a n  Candor /Thars i s .  

Two o t h e r  s e c t o r s  w i l l  a u t o m a t i c a l l y  b e  

I n  a d d i t i o n  t o  p r o v i d i n g  da t a  w i t h  which t o  look  f o r  
t empora l  r e f l e c t i v i t y  changes t h e  h igh  s u n  photography w i l l  a l s o  
be  u s e d  t o  produce  an a l b e d o  map of  t h e  r e g i o n s  cove red .  More 
comple te  l o n g i t u d i n a l  coverage  i s  c o n s i d e r e d  h i g h l y  d e s i r a b l e  and 
some such  a d d i t i o n a l  coverage may b e  p r o v i d e d  by t h e  photography 
t a k e n  on t h e  r e v o l u t i o n s  t h a t  o c c u r  b e f o r e  t h e  p e r i o d  i s  synchron ized .  

3. L i m b  Photography 

L i m b  photography w i l l  b e  a c q u i r e d  on most r e v o l u t i o n s  
u s i n g  b o t h  t h e  wide a n q l e  and t h e  narrow a n g l e  cameras. 
such  photography w i l l  b e  acqu i r ed  s h o r t l y  b e f o r e  o r  a f t e r  t h e  
h i g h  s u n  photography.  The  o p p o r t u n i t y  t o  o b s e r v e  t h e  l imb a t  a l l  
l a t i t u d e s  and l o n g i t u d e s ,  no t  p o s s i b l e  w i t h  t h e  4/3 o r b i t ,  would 
b e  c o n s i d e r e d  d e s i r a b l e .  

G e n e r a l l y  

4 .  N e a r - P e r i a p s i s  Photography 

The m i s s i o n  B o r b i t ,  w i t h  i t s  lower  p e r i a p s i s  a l t i t u d e  
and more n o r t h e r l y  p e r i a p s i s  l o c a t i o n ,  can p r o v i d e  photography n e a r  
t h e  e q u a t o r  and i n  t h e  n o r t h e r n  hemisphere w i t h  t w i c e  t h e  ground 
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r e s o l u t i o n  a v a i l a b l e  t o  miss ion  A .  For  t h i s  r eason  some n e a r -  
p e r i a p s i s  photography w i l l  be s i m i l a r  t o  t h a t  of m i s s i o n  A ,  namely,  
c o n t i g u o u s  wide  a n g l e  f rames w i t h  i n t e r s p e r s e d  narrow a n g l e  f r ames .  
The lower  a l t i t u d e  of  t h e  mis s ion  B s p a c e c r a f t  n e c e s s i t a t e s  o f f -  
v e r t i c a l  photography between s u c c e s s i v e  f rames  t o  o b t a i n  o v e r l a p .  
C o n t i g u i t y  between a d j a c e n t  swaths a c u u i r e d  f o u r  days a p a r t  i s  
a s s u r e d  because  t h e  ground t r a c e s  w i l l  be o n l y  2' l o n g i t u d e  a p a r t .  

Two o t h e r  t y p e s  of n e a r - p e r i a p s i s  photography a r e  a l s o  
p l anned  i n  which on ly  t h e  narrow a n g l e  camera i s  used:  conve rgen t  
s t e r e o  and con t iuuous  h igh  r e s o l u t i o n  cove rage .  The conve rgen t  
s t e r e o  photography i s  t h e o r e t i c a l l y  c a p a b l e  of p r o v i d i n g  v e r t i c a l  
r e s o l u t i o n  of t h e  o r d e r  of 1 0 0 m .  The s u c c e s s  of  t h i s  t y p e  of 
photography w i l l  b e  dependent  upon t h e  accu racy  w i t h  which two 
narrow a n g l e  frames can  be  made t o  o v e r l a p  when, as i s  t h e  case,  
p o i n t i n g  u n c e r t a i n t i e s  are  s i g n i f i c a n t  r e l a t i v e  t o  t h e  frame s i z e .  
S i m i l a r l y ,  t h e  amount of con t iguous  cove rage  o b t a i n a b l e  between a 
number of narrow a n g l e  frames i s  n o t  c o n f i d e n t l y  known a t  p r e s e n t .  
There  i s  l i t t l e  d o u b t ,  however, t h a t  i n t e r e s t i n g  f e a t u r e s  w i l l  
be obse rved  on vars t h a t  c a l l  f o r  t h e s e  t v p e s  of photography.  

U n f o r t u n a t e l y  t h e  amount of  t e r r a i n  t h a t  w i l l  b e  a c c e s s i b l e  
f o r  n e a r  p e r i a p s i s  photography i s  v e r y  r e s t r i c t e d  because  t h e  space-  
c r a f t  around t race  ove r  each of t h e  t h r e e  s e c t o r s  m i g r a t e s  o n l y  
45'  d u r i n g  t h e  9 0  day mis s ion .  Thus n e a r - p e r i a p s i s  photography 
can  o n l y  b e  acqu i r ed  over  a t o t a l  of o n l y  abou t  135' l o n g i t u d e .  The 
o r b i t ' s  l i k e l y  o r i e n t a t i o n ,  i n d i c a t e d  by f i g u r e  3 ,  p e r m i t s  near -  

(Thoth Nepenthes ,  15'N, 85'2) b u t  does  n o t  p e r m i t  such  o b s e r v a t i o n s  
of t h e  m e t e o r o l o q i c a l l y  i n t e r e s t i n g  P h o e n i c i s  Lacus r e g i o n  (13'S,  
2 5 2 " E ) .  

p e r i a p s i s  ~ h o t o a r a n h v  of t h e  present .  pr ime T'ikina l a n d i n g  s i t e  ( 3 )  

Proposed 5 /€  P e r i o d  f o r  Mission B 

Prom t h e  above review i t  can be  s e e n  t h a t  each of t h e  
p r i n c i p a l  t y p e s  of photoqraphy proposed  f o r  mis s ion  B i s  hampered 
t o  some e x t e n t  bv t h e  l imited!  l o n g i t u d i n a l  coverage  a v a i l a b l e  w i t h  
t h e  nominal 4/3 p e r i o d .  A. l a r a e  measure of r e l i e f  from t h i s  con- 
s t r a i n t  can b e  o b t a i n e d  i f  a d i f f e r e n t  'harmonic '  i s  chosen f o r  t h e  
m i s s i o n  B o r b i t .  The c h o i c e  of  5/6 r a t h e r  t h a n  any o t h e r  f r a c t i o n  i s  
proposed  on t h e  f o l l o w i n q  b a s i s :  a 5/6 p e r i o d  a l lows  comple te  
l o n g i t u d i n a l  cove rage  f o r  t h e  h i g h  s u n  photography w i t h  t h e  s h o r t e s t  
t i m e  between r e p e a t e d  o b s e r v a t i o n s  an6 a t  t h e  same t i m e  p e r m i t s  a 
comple te  t a p e  load  of recorded  s c i e n c e  d a t a  t o  b e  r e t u r n e d  each  
r e v o l u t i o n .  
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With a 5/6 p e r i o d  t h e  s p a c e c r a f t  ground t race i s  d i s -  
p l a c e d  eas tward  by 60 '  e v e r y  r e v o l u t i o n  ( f i g u r e  4 )  i n  comparison 
t o  t h e  1 2 0 '  westward d i sp lacemen t  of t h e  4/3 o r b i t .  The 5/6 and 
4/3 o r b i t s  are n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  however, i n  t h e  p o r t i o n  
t h a t  l ies  w i t h i n  an  hour  on e i t h e r  s i d e  o f  p e r i a p s i s  as can be  
s e e n  by comparing f i g u r e  5 wi th  f i g u r e  1. The geometry of t h e  
h i g h  sun  photography i s  t h e r e f o r e  h a r d l y  changed. Repeated h i g h  
s u n  coverage  of each  of s i x  r e g i o n s  would b e  o b t a i n e d  a t  5 day 
i n t e r v a l s  conpared  w i t h  4 days and on ly  t h r e e  r e g i o n s  f o r  t h e  4/3 
o r b i t .  The 25% r e d u c t i o n  i n  t i m e  r e s o l u t i o n  f o r  t h e  s e a s o n a l  
v a r i a t i o n s  i s  amply compensated by t h e  1 0 0 %  i n c r e a s e  i n  l o n g i t u d i n a l  
cove rage  ( f rom 180' t o  360') t h a t  becomes ava i l ab le  f o r  h i g h  s u n  
photography.  

Given complete  l o n g i t u d i n a l  coverage f o r  t h e  i n v e s t i -  
g a t i o n  of s e a s o n a l  a lbedo  changes t h e  l o n g i t u d i n a l  o r i e n t a t i o n  of 
t h e  o r b i t  c a n ,  i f  d e s i r e d ,  be trimmed t o  o p t i m i z e  t h e  o b s e r v a t i o n  
of r e g i o n s  t h a t  show d i u r n a l  b r i g h t e n i n g .  There  w i l l ,  however, 
be a n  a p p r e c i a b l e  r e d u c t i o n  i n  t h e  p l ane t - in -v iew p e r i o d  on each  
r e v o l u t i o n  e a r l y  i n  t h e  miss ion  as shown i n  f i g u r e  2 .  T h i s  r e d u c t i o n  
leads t o  a loss of o v e r  one  t h i r d  i n  t h e  t i m e  a v a i l a b l e  f o r  s y n o p t i c  
meteorology photography and t h e r e f o r e  r educes  t h e  r ange  of  t i m e -  
of-day d u r i n g  which r e g i o n s  can be obse rved .  O p p o r t u n i t i e s  f o r  
s y n o p t i c  photography w i l l ,  however, r e o c c u r  abou t  eve ry  2 1  hour s  
i n s t e a d  of eve ry  33 h o u r s  and a greater s p r e a d  of  l o n g i t u d e s  w i l l  
b e  o b s e r v a b l e .  Moreover, c e r t a i n  r e g i o n s  w i l l  b e  o b s e r v a b l e  on 
s u c c e s s i v e  r e v o l u t i o n s  a t  d i f f e r e n t  t i m e s  of day t h e r e b y  i n c r e a s i n g  
t h e  f r a c t i o n  o f  t h e  d i u r n a l  c y c l e  t h a t  can  b e  fo l lowed  f o r  t h e s e  
r e g i o n s .  

The e x a c t  p e r i o d  proposed f o r  t h e  5/6 o r b i t  i s  20.55 
h o u r s ,  t h e  remain ing  o r b i t a l  e l emen t s  b e i n g  unchanged. T h i s  p e r i o d ,  
l i k e  t h a t  of t h e  4/3 o r b i t ,  is s l i g h t l y  l o n g e r  t h a n  t h e  e x a c t  
harmonic i n  o r d e r  t o  a l l o w  f o r  t h e  p l a n e t ' s  changing  h e l i o c e n t r i c  
l o n g i t u d e .  The ground traces w i l l ,  t h e r e f o r e ,  a g a i n  migrate w e s t -  
ward a t  a b o u t  0 .5  d e g r e e  per day so t h a t  n e a r - p e r i a p s i s  photography 
w i l l  be p o s s i b l e  o v e r  a sp read  of  a b o u t  270'  l o n g i t u d e  d u r i n g  t h e  
nominal  m i s s i o n .  

Given a 5/6 p e r i o d  and t h e  consequen t ly  g r e a t e r  l o n g i t u -  
d i n a l  cove rage  tha t  would be a v a i l a b l e  t h e  impor t ance  of t h e  lower 
m i s s i o n  B p e r i a p s i s  a l t i t u d e  would b e  s i g n i f i c a n t l y  i n c r e a s e d .  
Indeed  m i s s i o n  B cou ld  be used t o  pe r fo rm a mapping m i s s i o n  comple- 
mentary t o  t h a t  o f  m i s s i o n  A by p r o v i d i n g  con t iguous  cove rage  o v e r  
a large p a r t  o f  t h e  n o r t h e r n  hemisphere  a t  doub le  t h e  m i s s i o n  A 
r e s o l u t i o n .  Such mapping could b e  i m p o r t a n t  f o r  p l a n n i n g  o f  t h e  
1976 V i k i n g  l a n d e r  m i s s i o n  because  a t  l eas t  one of t h e  l a n d e r s  i s  
l i k e l y  t o  be t a r g e t e d  t o  t h e  n o r t h e r n  hemisphere .  
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F i g u r e  6 shows t h e  e x t e n t  of t h e  con t iguous  mapping 
p o s s i b l e  from a 5/6 m i s s i o n  B o v e r  90  days .  The f o o t p r i n t s  t h a t  
would b e  acquired.  i n  t h e  middle of  t h e  m i s s i o n  have  been  o m i t t e d  
from t h e  diagram. The assumption made i n  p l a n n i n g  t h e  n e a r  
p e r i a p s i s  mapping i s  t h a t  about  f i v e  f rames  would b e  a v a i l a b l e  
on each  r e s o l u t i o n  w i t h  perhaps an  e u u a l  number f o r  narrow a n g l e  
camera o b s e r v a t i o n s .  Towards t h e  end of t h e  m i s s i o n ,  when s y n o p t i c  
photography i s  no l o n g e r  p o s s i b l e ,  it i s  assumed t h a t  a greater 
number of  f rames  might  be a v a i l a b l e  and t h i s  i s  r e f l e c t e d  i n  t h e  
f i g u r e .  

An a t t r a c t i v e  f e a t u r e  of  t h e  5/6 o r b i t  i s  t h a t  it can 
be c o n v e r t e d  a t  any t i m e  t o  a whol ly  mapping f u n c t i o n  complementwy 
t o  Y i s s i o n  A .  T h i s  might  be d e s i r a b l e  i n  t h e  second h a l f  of t h e  
m i s s i o n  i f  t h e  c o n t i n u a t i o n  of t h e  s e a s o n a l  v a r i a t i o n s  s t u d y  becomes 
u n a t t r a c t i v e  because  of some p h o t o m e t r i c  i n s t a b i l i t y  of t h e  camera 
s y s  tern. 

Because a 5/6 o r b i t  p r o v i d e s  a good compromise between 
' v a r i a b l e  f e a t u r e s '  and ' f i x e d  f e a t u r e s '  d a t a  r e t u r n ,  t h e  l o s s  of 
one s p a c e c r a f t  might  n o t  b e  a s  c r i t i c a l  a n  e v e n t  as w i t h  t h e  
nominal  Miss ion  B d e s i g n .  Thus i f  t h e  Miss ion  A s p a c e c r a f t  f a i l e d  
a f t e r  i n s e r t i o n  of t h e  Mission B s p a c e c r a f t  t h e  l a t t e r  cou ld  pe r fo rm 
a r e a s o n a b l y  s a t i s f a c t o r y  compromise m i s s i o n ,  though coverage  of 
t h e  s o u t h  p o l a r  r e g i o n  would be r a t h e r  poor .  I f  t h e  f a i l u r e  of  
one s p a c e c r a f t  o c c u r r e d  b e f o r e  i n s e r t i o n  of t h e  s u r v i v i n g  space-  
c r a f t  t h e n  a 5/6 o r b i t  w i t h  a %60° i n c l i n a t i o n  would p robab ly  b e  
d e s i r a b l e  as a con t ingency  o r b i t .  

The a d o p t i o n  of  a 5/6 o r b i t  f o r  bl iss ion B would promise 
a c e r t a i n  s i m p l i f i c a t i o n  o f  t h e  m i s s i o n  i n  t h a t  t h e r e  would b e  
no need t o  c o n s i d e r  mid-mission p r o p u l s i v e  maneuvers such  as might  
b e  needed t o  change t h e  r eg ions  of h i g h  s u n  photography or t o  
a c q u i r e  n e a r - p e r i a p s i s  photography of some p a r t i c u l a r l y  e x c i t i n g  
r e g i o n .  There would,  however, s t i l l  b e  a r e q u i r e m e n t  t o  pe r fo rm 
a per iod-red.ucing maneuver a t  t h e  end of  t h e  nominal  mi s s ion .  A t  
t h i s  t i m e  t h e  s p a c e c r a f t ' s  o r b i t  b e g i n s  t o  t a k e  it i n t o  t h e  shadow 
of  Mars and a r e d u c t i o n  i n  p e r i o d  l e s s e n s  t h e  t i m e  s p e n t  w i t h o u t  
s o l a r  power on any r e v o l u t i o n ,  t h e r e b y  i n c r e a s i n g  t h e  chance t h a t  
t h e  s p a c e c r a f t  w i l l  s u r v i v e  t h i s  p a r t  of t h e  m i s s i o n .  The s a m e  
pe r iod - reduc ing  maneuver i s  d e s i r a b l e  f o r  an a d d i t i o n a l  r e a s o n ,  
namely, t o  a l low t h e  s p a c e c r a f t  t o  c l o s e l y  i n t e r c e p t  t h e  o r b i t  of 
t h e  s a t e l l i t e  Deimos and t h e r e b y  s i g n i f i c a n t l y  i n c r e a s e  t h e  s p a t i a l  
r e s o l u t i o n  of o b s e r v a t i o n s  of t h i s  body. The r e q u i r e d  'Deimos- 
i n t e r c e p t i o n '  o r b i t  p e r i o d  is  a b o u t  15 hour s  ( 4 )  and i t  shou ld  b e  
n o t e d  t h a t  a 5/6 Miss ion  B o r b i t  would p r o v i d e  better o p p o r t u n i t i e s  
f o r  Deimos photography t h a n  a 4 / 3  o r b i t  because  t h e  r a n g e s  would 
b e  s h o r t e r  and t h e  o p p o r t u n i t i e s  more f r e q u e n t .  
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One f u r t h e r  advantage a c c r u e s  t o  t h e  5/6 o r b i t :  i f  
o n e ' s  u l t i m a t e  o b j e c t i v e  i s  t o  e n t e r  a 1 5  hour  p e r i o d  o r b i t ,  t h e n  
a n  i n i t i a l  i n s e r t i o n  i n t o  a 20.5 h o u r  p e r i o d  o r b i t  i s  more 
economical  i n  t e r m s  of t o t a l  AV r e q u i r e d  t o  r e a c h  t h e  1 5  h o u r  
o r b i t .  A d e t a i l e d  c a l c u l a t i o n  made by W. A. Webb a t  J P L  i n d i c a t e s  
t h a t  abou t  30 m / s  a d d i t i o n a l  AI7 would b e  made a v a i l a b l e .  ( 4 )  

Data  Return  from a 5/6 O r b i t  

The p e r i o d  of a 5/6 o r b i t  i s  s u f f i c i e n t l y  long  t o  
assure  t h e  c a p a b i l i t y  of a c q u i r i n g  and t r a n s m i t t i n g  t o  e a r t h  a 
comple te  t a p e  r e c o r d e r  l o a d  of d a t a  on each  r e v o l u t i o n .  Tape 
r e c o r d e r  r e p l a y  i s  p r o h i b i t e d  d u r i n g  t h e  1 5  hour s  of each day 
t h a t  t h e  e l e v a t i o n  a n g l e  of Mars a t  t h e  Golds tone  r e c e i v i n g  
s t a t i o n  i s  less t h a n  15" .  S ince  a comple te  r e c o r d e r  r e p l a y  t a k e s  
a b o u t  t h r e e  hour s  t h e  proposed 20.55 hour  o r b i t a l  p e r i o d  would 
p e r m i t  a minimum of 2.5 hours  of  d a t a  a c q u i s i t i o n  t i m e  on any 
r e v o l u t i o n .  G e n e r a l l y  t h e  complete  p l ane t - in -v iew p e r i o d  w i l l  b e  
a v a i l a b l e  f o r  d a t a  a c q u i s i t i o n  b u t  o c c a s i o n a l l y ,  on abou t  one 
r e v o l u t i o n  i n  s i x ,  t h e  r e q u i r e d  t i m i n g  of  t h e  t a p e  r e c o r d e r  r e p l a y  
w i l l  b e  such  t h a t  i t  i n t e r f e r e s  w i t h  t h e  a c q u i s i t i o n  of s y n o p t i c  
photography.  The h i g h  s u n  and n e a r - p e r i a p s i s  photography need 
n o t  b e  a f f e c t e d .  S i n c e  t h e  o r b i t a l  p e r i o d  proposed  i s  less t h a n  
24 h o u r s  t h e r e  w i l l  u s u a l l y  be o n l y  one t a p e  r e p l a y  d u r i n g  t h e  
'Go lds tone  view p e r i o d '  b u t  o c c a s i o n a l l y  more t h a n  one r e p l a y  w i l l  
b e  r e q u i r e d .  

Summary 

The proposed  5/6 Mission B o r b i t  p e r i o d  (20.55 h o u r s )  
p r o v i d e s  a number o f  impor t an t  advan tages  f o r  t h e  s t u d y  of t i m e  
v a r y i n g  phenomena and f o r  mapping on accoun t  of t h e  i n c r e a s e d  
l o n g i t u d i n a l  cove rage  t h a t  it makes a v a i l a b l e .  The d a t a  r e t u r n e d  
th roughou t  t h e  m i s s i o n ,  a t  t h e  r a t e  of one t a p e  l o a d  p e r  r e v o l u t i o n ,  
i s  a b o u t  50% g r e a t e r  t h a n  t h a t  r e t u r n e d  from a 4/3 (32.88 h o u r s )  
o r b i t .  

The p r i n c i p a l  d i sadvan tage  i s  t h e  r e d u c t i o n ,  by abou t  
one t h i r d ,  i n  t h e  p l ane t - in -v iew p e r i o g  e a r l y  i n  t h e  m i s s i o n .  

1011-GAB-dmu 
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